The physical characterisation of retained EMPS is extremely important in providing information regarding the aetiology of the disease they may produce. It is now accepted that the biological effects fibres may produce in lung tissue once deposited are closely related to their concentration but more critically to their variation in length and diameter. To assess the disease risk of exposure to EMPs it is necessary to accurately describe their lengths and diameter distribution.
Introduction
The assessment of the disease risk in the lungs created by the exposure to elongated mineral particles has been for a considerable period the subject of debate and confusion. The potential impact upon health associated with the inhalation of airborne particulate matter is closely related to its physical and chemical properties. The physical properties of size and shape are the most important parameters influencing the pathological potential of airborne particulates. They dictate their ability to access the respiratory tract and subsequent deposition in the conducting airways from the nose to lung parenchyma. These physical properties in combination with chemical characteristics of the materials precipitate the magnitude of the biological response after deposition and retention in the lungs.
Inhalation and penetration of EMPs into the lungs
Describing the actual size of airborne mineral particles which are capable of penetration and deposition in the various compartments of the respiratory system is difficult because of the heterogeneous nature of dust particles formed by different materials. To estimate regional deposition of inhaled particles in the lungs a reliance is placed upon theoretical models. These have been produced employing anatomical details of the lung with standard physiological factors assuming particles inhaled were insoluble spheres with a density of 1 g/cm3. These parameters are used extensively to compare the motion of airborne particulate materials in a description referred to as aerodynamic equivalent diameter. The most well-known model of fractional regional deposition with respect to particle size in the lungs is that produced by the I.C.R.P. (International Commission on Radiological Protection) task group on lung dynamics. Their estimates for regional deposition of inhaled unit density spheres show an increasing deposition in the pulmonary region of particles below 1 μm aerodynamic diameter which is the most important feature of their depositional plot diagrams. It is a basic fact that the potential health effect from inhalation of mineral particles will depend upon which locations in the respiratory tract they are deposited. For EMPs location of particle deposition in the pulmonary gas exchange regions of the lung have produced the greatest health effects.
Experimental studies with a range of laboratory animals have revealed that there is an enhanced deposition of particles larger than 3 μm in the upper respiratory tract while deposition of these particles in the gas exchange regions of the lung is small. Fractional deposition of particles increases dramatically in the lung parenchyma as the particle size of the airborne dust to which they were exposed decreased below an aerodynamic diameter of 1 μm.
Deposition of fine particles with an aerodynamic diameter of less than 0.2 μm is very efficient and is concentrated in the pulmonary region of the lung which supports the findings that are predicted from inhalation and deposition models referred to previously.
The fraction of airborne dust that penetrates to the pulmonary region of the lungs is defined in detail in the ISO 7708:1995 (2017) publication as the respirable convention.
Deposition and distribution of EMPs in the lungs
The physical form i.e.: length and diameter of EMPs is most useful in describing differences between the size and appearance of such particles and this also enables the values of parameters such as aerodynamic diameter and size distributions to be estimated so that accurate comparisons can be made between various dust samples from a variety of sources. This is well illustrated by Figs. 1-4 which illustrate the differences observed between EMP particles extracted from lung tissue samples taken from a sagittal lung slice of an individual with a past occupational history of exposure exclusively to amosite amphibole dust.
The individual tissue samples were randomly selected from locations representing lung parenchyma avoiding major visible airways. The individual samples were approximately the same volume and were prepared with a standard digestion technique to ensure no degradation or loss of particles. The dust particles extracted from each sample were for examination in an analytical transmission electron microscope. Dimensions of individual EMPs were recorded in a bivariate manner so that a data set of particle length, diameter and concentration of individual particles for each tissue sample across the lung specimen was obtained. The location of the sample sites were digitised using a grid system and commercial computer software employed to map the variation of EMP length, diameter and relative particle concentration across the lung specimen. The results are illustrated by Figs. 1, 2 and 3 which show clearly how the average of the physical size and concentration of particles varied over the specimen.
It can be seen from Fig. 1 that the relative concentration of particles was higher in the central regions of the lung and decreasing towards the Toxicology and Applied Pharmacology 361 (2018) 18-20 pleural region. In Fig. 2 the results for average diameter of the particles detected also decreased from the central lung regions to the periphery. In contrast the result for average particle length distribution was reversed when compared to the average diameter results with an increase in average particle length from the lung centre to periphery. Using the bivariate sizing data and a suitable mathematical representation the average aerodynamic size of the extracted EMPs was calculated and plotted as shown by Fig. 4 . This diagram Illustrate the decreasing trend of aerodynamic size from the central to the pleural reaches of the lung. Figs. 1-4 demonstrate the general characteristics of deposition and retention of EMPs particles in the lung a feature which will apply to all such particles.
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Conclusions
The toxicity of exposure to airborne elongated mineral particles can be related almost entirely to their dimensions i.e.: length and diameter distributions and durability.
EMP diameters dictate the ease and depth of penetration into the lungs and influence the position of their deposition and retention.
EMP lengths influence their penetration into the lungs but more importantly their retention after deposition in the lungs. EMP durability will influence particle retention and biological reactivity in the lungs.
A more comprehensive characterization of EMPs can only lead to a better understanding of the hazard and risk associated with exposure to dusts of this nature. Toxicology and Applied Pharmacology 361 (2018) 18-20 
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